Centrality dependence of high pr hadron suppression in Au+Au collisionsat /syy=130 GeV
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Inclusive transersemomentundistributionsof chaggedhadronswithin 0.2<pr <6.0 GeV /c have beenmea-
suredover a broadrangeof centralityfor Au+Au collisionsat ./snn=130GeV. Hadronyields aresuppressed
at high pr in centralcollisionsrelative to peripheralcollisionsandto a nucleon-nucleomeferencescaledfor
collision geometry Peripheratollisionsarenot suppressectklative to the nucleon-nucleomeferenceThe sup-
pressionvariescontinuouslyatintermediatecentralities. The resultsindicatesignificantnucleamediumeffects
on high pr hadronproductionin heavy ion collisionsat high enepy.

PACSnumbers25.75.-q

QCD predictsa phasetransition at high enegy density
from hadronicmatterto a deconfinedQuark-GluonPlasma
(QGP)[1]. This transitionmay be studiedin the laboratory
throughthe collision of heavy ions at ultrarelatvistic ener
gies. Partonspropagatingn a mediumlose enegy through
gluon bremsstrahlund2-4], with the magnitudeof the en-
ergy losspredictedto dependstronglyon the gluondensityof
the medium. Measuremenbf partonicenegy losstherefore
providesa uniqueprobeof the densityof themedium.

Analysisof deepinelasticscatteringandDrell-Yanpairpro-
duction using nucleartargetsindicatesthat the enegy loss
in cold nuclearmatteris 0.2 — 0.5 GeV/fm for quarkswith
enegy greaterthan 10 GeV [5, 6]. Hard scatteringof par
tonsin nuclearcollisionsoccursearly in the evolution of the
extendedsystem,therebyprobingthe phaseof highestden-
sity. Enegy loss softensthe fragmentationof jets, leading
to the suppressiorof high transversemomentum(high pr)
hadronsn thefinal state[7]. The PHENIX collaborationhas
reportedthe suppressiorof chaged hadronand #° produc-
tion at high pr in centralAu+Au collisionsat centerof-mass
enepgy pernucleonpair ,/snn=130GeV, relative bothto ref-
erencedatafrom nucleon-nucleofNN) collisionsandto pe-
ripheral Au+Au collisions[8]. The suppressions in quali-
tative agreementvith predictionsof partonicenegy lossin
densematter thoughquantitatve conclusiongequirethe un-
derstandingf othernucleareffects[8].

ThisLetterpresentameasuremerdf theinclusive chaged
hadronyield (h* + h™) /2 within 0.2<p7<6.0 GeV /¢, mea-
suredfor a broadrangeof centralityin Au+Au collisions at

/3nn=130 GeV by the STAR collaborationat RHIC. Sup-
pressionof chaged hadronproductionat high pr in cen-
tral collisionsis obsened, in qualitatve agreementvith the
PHENIX measuremeri8]. Thehighprecisionandwidekine-
matic andcentrality coverageof the datapresentedereper
mit adetailedstudyof nuclearmediumeffectson hadronpro-
ductionfrom the softto the hardscatteringegime.

For comparisorof spectrdrom nuclearcollisionsto anNN
referencethe nucleamodificationfactoris definedas

> N4 /dprdy
RAA(pT) - Tan - dQO_NN/dedna (1)

whereTs 4=(Npin)/lo NV accountdor the collision geometry
averagedover the event centrality class. (Nyin), the equiv-

alentnumberof binary NN collisions, is calculatedusinga
Glaubermodel. R4 4 (pr) is lessthanunity atlow pr [9]. In

contrastthe yield for hard processescalesas (Ny;,) in the
absencef nuclearmediumeffects(R 44 (pr)=1), andeffects
of the mediummay be measuredt high pr by the deviation

of Ra(pr) from unity. In additionto final stateenegy loss,
R4 4(pr) maybe affectedby initial statemultiple scattering
[7, 10] andtrans\erseflow, bothof whichwill enhancéadron
productionat high pr, and by shadaving of nuclearparton
distributions. At significantlylower /s thanthepresenstudy

enhancemendf hadronproductionat high p hasbeenob-

senedin p-nucleug11] anda — « [12] collisions,aswell as
centralcollisions of heary nuclei[13]. Currentestimatesof

shadaving effectsat RHIC enegiescontainlarge uncertain-
ties[7, 14].



The STAR detectoris describedn [15]. Data collection
utilized both a minimum biastrigger and a trigger selecting
the 10% most centralevents. Chaged particle trackswere
detectedin the Time ProjectionChamber(TPC), with mo-
mentumdeterminedfrom their curvaturein a 0.25T mag-
netic field. After event selectioncuts, the central data set
contained320,000events, while the minimum bias dataset
contained240,000events. The measuredninimum biasdis-
tribution, correctedior vertex finding efficiency atlow multi-
plicity, correspond$o 94+2% of the Au+Au geometriccross
sectiono/i“Av, assumedo be7.2barns[16].

Centrality selectionis basedon the primary chaged parti-
cle multiplicity N.,, within the pseudorapidityange|n|<0.5.
The mostcentralbin is 0-5% of o/t“A“, while the mostpe-
ripheralbin is 60-80%.Alternative centralitymeasuregcor-
porateforward neutralenegy [9, 17] andits correlationwith
multiplicity at midrapidity. Themaximumvariationof the pr
spectrumfor differentcentrality measuress 4% for central
eventsandlessthan4% for moreperipherakvents.This vari-
ationisincludedin thesystematiaincertaintie®f thereported
spectra.

The hadronyield decreasegapidly with increasingpr and
its measuremens sensitve to smallspatialdistortionswhich
generatehage sign-dependergystematierrorsin the mea-
suredtrack curvature. Measuremenbf the summedhadron
yield, (h* + h™)/2, is markedly lesssensitve to suchdistor
tionsthantheyield of onechagesignalone.Eachhalf of the
cylindrical TPCis divided azimuthallyinto 12 sectors.High
pr trackshave smallsagitta(s ~ 0.8 cmatpr=5GeV/c) and
areconfinedto asinglesector For assessingystematierrors
dueto variationin detectoresponsegachsectotis considered
to beanindependentletector The sectorwise distribution of
(h* + h™)/2 hasa pr-dependentms variationof lessthan
5%, whichis includedin the systemati@rrors.

Analysis of inclusive chaged particle spectrafor pr<2
GeV/c hasbeendescribedpreviously [9]. Acceptedtracks
for pr>2 GeV /c have |n|<0.5 anda distanceof closestap-
proachto the primary vertex lessthan1 cm to rejectback-
ground. Acceptancegefficiency, and momentumresolution
were determinedby embeddingsimulatedtracks into real
raw dataevents. For pr>1.5 GeV/¢, the Gaussiandis-
tribution of track curvature k o« 1/pr hasrelative width
0k/k = 0.016- (pr/(GeV/c)) + 0.012 for centraleventsand
0k/k = 0.011- (pr/(GeV/c)) + 0.013 for peripherakvents.
Correctionwas madefor distortiondueto finite momentum
resolution.Typical correctionfactorsaregivenin Tablel.

Backgroundcorrectionsof significanceare due to weak
particledecaysandanti-nucleorannihilationin detectomma-
terial. Theformerarebasedn A, A andK? yieldsmeasured
for pr < 2.5 GeV/c [18, 19, with extrapolationto higher
pr usinganexponentialfit [18]. Thelatterarebasedon mea-
suredanti-protonyields[20]. Thesizeof the netbackground
correctionis indicatedin Tablel. Systematiauncertaintiesn
the final distributions were determinedby varying the most
sensitve cutsin the tracking and correctionalgorithms,and
by varying the magnitudeof the backgroundcontribution by

TABLE [: Typical multiplicative correctionfactorsappliedto the
yieldsfor peripheralndcentralcollisions.

pr=2GeV/c pr=5.5GeV/c
centrality 60-80% 0-5% 60-80% 0-5%
(Eff-Accept)? 1/0.86| 1/0.63  1/0.88| 1/0.67
Background 0.95 0.90 0.95 0.88
pr-res.distortion 1.00 0.99 0.92 0.76
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FIG. 1: Inclusive pr distributionsof (h* + h™)/2. Non-centrabins
are scaleddown by the indicatedfactors. The combinedstatistical
andsystematicerrorsareshavn. Curvesarefits to Eq. (2). Hash
marksat thetop indicatebin boundariesor pr>1.5GeV /c.

50%atpr ~ 2 GeV/c and100%atpr ~ 5.5 GeV/c.

Figure 1 shows the inclusve pr distributions of
(b +h~)/2 within |5|<0.5 for variouscentrality bins, for
Au+Au collisionsat ,/snn=130 GeV. Error bars,which are
dominateddy systematiaincertaintiestall pr, aregenerally
smallerthanthe symbols.The spectraverefit by the pQCD-
inspiredpower law function[21]

1 daN
2rpr dpr

C-(1+pr/po)™", )

which describespr spectraof chaged hadronsfor NN
collisions over a wide range of /s [21-23. Systematic
changesn shapeof the spectrawith centrality are revealed
by thefit parameter<’’, n, and meantrans\ersemomentum
<pr>=2pg/(n — 3) in Tablell. Also shawn in the Table
arefit parametergor p + p collisionsat 1/s=200 GeV [21].
Eq.(2) yieldsapoorfit relative to theerrorsfor themostcen-
tral bin, with systematicleviationsfrom thefit functionof 10-



TABLE II: Geometricquantitieschagedparticledensityper participantpair, andfit parameterso Eqg. (2), for variouscentralitybinsandfor
P + p at200GeV[21], assumingri). Y =41 mh. Thefits to the Au+Au datauseuncorrelatedneasuremerdrrors,which arelargely systematic
andnon-GaussiarParameteerrorsshavn alsoincludecorrelatedsystematiaincertaintieswhich areaddedo parameteerrorsresultingfrom

thefit.
PaverLaw Fit (0.2 < pr < 6.0 GeV/c)
centrality (Npin) (Npart) L Ny S5 C((GeV/c)~?) <pr> (GeV/e) n
0-5% 965157 35014 563+39 3.22+0.23 797+60 0.52G+0.010 21.9+0.5
5-10% 764135 2967 45232 3.05£0.23 65450 0.517:-0.010 20.7£0.4
10-20% 55148 23279 344424 2.96+0.24 520+40 0.514-0.010 18.9+0.4
20-30% 34841 16519 234+16 2.83£0.26 372428 0.504:0.011 17.3£0.3
30-40% 210%3¢ 115719 144+10 2.514+0.30 252+19 0.497:0.011 17.2+0.3
40-60% 90+2> 62+9, 72.2£5.1 2.35£0.42 141411 0.480+0.011 14.8£0.2
60-80% 2077 2075 21.0t1.5 2.13+0.61 50+4 0.446+0.011 13.0+0.2
P + p(200) 1 2 2.65 +0.08 2.65 %+ 0.08 7.7+0.4 0.392+0.003 11.8+0.4

20%, whereador more peripheralcollisionsit fits well, with
parametersendingsmoothlyto thosefor p + p collisions.

A moredirect comparisorof yields for differentcentrali-
tiesrelieson estimating(Nyi,) andthe meannumberof par
ticipants (N,,,¢) for eachcentrality bin. For this purpose,
thedistribution do /dNyi, (@andequivalently, do /dN ar) Was
calculatedusing a Monte Carlo Glauber model [17] with
oNN¥=41 £+ 1 mb and Woods-Saxomuclearmatterdensity
usingradiusr = 6.5 £ 0.1 fm andsurfacediffuseness =
0.535 £+ 0.027 fm. [16]. Percentileintervals of do/dNpin
(calculatedpnddo /dN.p, (measuredjvereequatedo extract
(Npin) for eachcentrality bin. The Glaubermodel parame-
tersand geometriccrosssectionwere varied to estimatethe
systematiaincertaintiesResultsaregivenin Tablell.

Becausechaged particle distributions at midrapidity are
usedfor centrality selection,biasesin the relation between
do /dNyi, andde /dN,, dueto fluctuationsandautocorrela-
tionswereassessed/ariationof parametergn aMonte Carlo
calculationof multiplicity fluctuationsfor fixed collision ge-
ometry andcomparisorof themeasurednultiplicity distribu-
tion in anazimuthalquadrantcenteredon a high p7 particle
againstthosein the otherquadrantshoth yielded nggligible
uncertaintiesn (Npi,) and(Npart)-

Table Il shows the chaged particle yield per participant
pair, 2 4., obtainecby integratingthepr spectraThe
extrapolatedyield in pr<0.2 GeV/cis ~ 20% of thetotal for
all centralities.The dependencef (me) L“;;h on (Npar) is
consistentvith obsenationsin [17].

Figure 2 shaws the ratio of the central(0-5%) spectrumto
thatof thetwo peripherabins (40-60%,60-80%),normalized
by (Npin). Thedashedinesat unity andbelor show scaling
with (Npin) and(Npar) respectiely, andthe shadedegions
shaw the systematiaincertaintiegrom Tablell. Thevertical
error barson the datapointsarethe uncertaintieof the cen-
tral data,while the horizontalcapsarethe quadraturesumof
the uncertaintieof both datasets. Approximateparticipant
scalingatlow pr is seen.Theratiorisesmonotonicallybelow
pr ~ 2 GeV/c anddecreaseat high pr. The ratio of cen-
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FIG. 2: Ratioof chagedhadronyieldswithin || < 0.5 for central
over peripherakollisions,normalizedto (N, ).

tral overmostperipherabchiesesavalueatpr=5.5GeV /¢ of
0.27+0.12 with additionaluncertainty+0.12 dueto (Npin),
establishingsignificant suppressiorof chaged hadronpro-
ductionat high pr in centralcollisions.

Figure3 shows R 4 4 (pr) for variouscentralitybinsrelative
to an NN referencespectrum parameterizedy Eq. (2) with
ColNN = 26714 mb/(GeV/c)?, po = 1.907387 GeV /¢, and
n = 12.98%5%2 (the superscriptsand subscriptsare curves
thatboundthe systematiaincertainty). Thereferencevasde-
terminedby fitting Eq. (2) to UA1 p + p dataat/s=200-900
GeV [21] and extrapolatingto 1/s=130 GeV. Extrapolation
of the 200 GeV spectrumto 130 GeV using pQCD calcula-
tions agreedo within 5% with the referenceat p7=6 GeV/c
[25, 26]. Correctionto the NN referencdor the UAL accep-
tance(|n|<2.5), which differs from this analysis(|n|<0.5),
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FIG. 3: Raa(pr) for variouscentrality bins, for Au+Au relative
to an NN referencespectrum. Error barsare describedn the text.
Errorsbetweerdifferentpr andcentralitybinsarehighly correlated.

was basedon two independenpQCD calculations[25, 27],
giving a multiplicative correctionof 1.17 + 0.06 at pr=2.0
GeV/cand1.35+0.10 atpr=5.5GeV /c. Thepr-dependent
systematiauncertaintyof the NN referenceds the quadrature
sumof thepowerlaw parameteandtheacceptanceorrection
uncertaintieslsospineffectsarenegligible for pr<6 GeV/c
[26]. The error barsare the systematicuncertaintiesof the
measuredspectrawhile the capsshow their quadraturesum
with the systematiaincertaintyof the NN reference.

Ra4(pr) increasesnonotonicallyfor pr<2 GeV/c atall
centralities,andsaturatesiearunity for pr>2 GeV/c in the
most peripheralbins. In contrast,R44(pr) for the central
bins reachesa maximumandthen decreasestrongly above
pr=2 GeV/c¢, shaving suppressiorof the chaged hadron
yield relative to the NN referenceof 0.36 £ 0.17 (sys) at
pr=5.5GeV/c for the 0-5% bin, with additionaluncertainty
+0.03 dueto (Np;in ). Raa(pr) variescontinuouslyasafunc-
tion of centrality andno centralitythresholdfor the onsetof
suppressiolis obsened[28].

In summarychagedhadronproductionin highenegy col-
lisions of heavy nuclei hasbeenstudiedover a wide range
of pr and event centrality At high pr, hadronyields scale
with the numberof binary collisionsfor peripherakollisions,
while significantsuppressionf hadronproductionis seerfor
centralcollisions. STAR hasalso reportedlarge azimuthal
anisotroy at high pr [29]. Thesephenomenandicatesub-
stantialenepgy lossof the final statepartonsor their hadronic
fragmentsin the mediumgeneratedy high enegy nuclear
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collisions,thoughquantitatve measuremenf this effect re-
quiresadditionalreferencedata.
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